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Gow: Studies in Karyokinesis

•
STUDIES IN KARYOKINESIS.

•

BY JAMES ELLIS GOW .

The work whose results are here presented has been done at
various times and places. The investigation of Trillium was
undertaken at Blairstown during the fall and winter of 1905, and
was carried on in the Botanical laboratory of the Blair Academy.
Indian Corn and Arisaema were studied during 1901 and 1902 at
the State University of Iowa, under the personal direction of Prof.
T. H. Macbride, to whom are due thanks for the first suggestion
leading to the undertaking, and for continued advice and assistance.
TRILLIUM SESSILE L.

Flower buds of Trillium sessile, cut in March, were killed and
fixed in one per cent acetic acid and stained in Delafield's Haematoxylin. It was found that the sporogenous tissue was fully developed, the cells were in active division, and in some of the
flowers the mother cells were breaking up into tetrads.
The earliest stage of division discoverable was that illustrated
in Fig. 1. Careful search failed to reveal anything resembling the
continuous spireme as figured by Schaffner in the onion and found
by me in Indian corn. The chromatin first appears as a series of
disconnected fragments in the surface of the nucleus. There is no
evidence that it ever forms a continuous ribbon. The irregularity
of arrangement does not indicate the presence of a ribbon composed of alternate areas of chromatin and linin, but rather a immber of totally disconnected chromosomes. From the first the chromosomes show a tendency to split longitudinally, the process beginning at one end, and never, so far as observed, at both ends
simultaneously. The normal number of chromosomes is twelve,
which becomes six in the reduction division.
In the monaster, or mother star stage, the grouping of chromosomes about the spindle is very irregular. In many cases the
chromosomes appear to adhere to the spindle by the middle, or by
a point near the end, although this is difficult to determine. At all
events, when the separation of the two halves begins, it does not
proceed from the middle, but from one end. In the daughter star
stage of division the chromosomes show considerable irregularity,
with a general disposition to change their shape and assume a
curved position as they approach the poles of the spindle. There is
(107)
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nothing especially worthy of notice in the open and closed daughter
skein stages and the formation of the cell plate.
In the preparations studied no trace of centrospheres could be
observed. This does not prove their absence, for Delafield's Haematoxylin is not a good stain for such structures.

•

ARISAEMA TRIPHYLLUM (L.) TORR.

In studying the development of the embryo sac in thiS species,
it was noticed that many of the vegetative cells in the base of the
nucleus and the integuments were in active division. These were
studied with the following results:
The first indication of nuclear division is the appearance of an
irregular network of chromatin, as in figure 13. The strands
gradually thicken and assume at the same time a more regular
arrangement, until, in the spireme stage, the chromatin appears
as a single continuous ribbon (Fig. 14). So far as the observation extended, the chromatin ribbon is always extremely irregular.
No uniform number of loops could be observed. It shortly breaks
up into sixteen chromosomes. No sign of early splitting of the
chromosomes could be detected. After the formation of the spindle,
the chromosomes assume a V-shaped form, each one adhering to
the spindle fibers by its middle, the two ends being free. The splitting of the chromosomes begins at the apex of the V (the middle
point of the chromosome), and extends thence to the ends, as represented in figure 19. The daughter star,1 stage, daughter skein,
and formation of the cell plate, differ in no essential respect from
the process as described in other plants. No centrospheres could
be made out by the use of the 1-12 and 1-16 oil immersion objectives. The material was killed and fixed in chromo-acetic acid,
imbedded in paraffin, cut to 3 micra on a Minot rotary microtome,
and double stained with analin-water safranin and gentian violet.
ZEA MAYS L.

Kernels of Indian corn were sprouted in damp sand, and the
root tips were cut off whe11 an eighth to a quarter of an inch in
length, killed and fixed in chromo-acetic acid, and sectioned by the
paraffin method. The sections were stained in safranin-gentianviolet, Haematoxylin, Fuschin and Iodine Green, or Eosin.
While in the resting stage, the nucleus appears quite homogeneous, with a well defined nucleolus surrounded by a distinct hyaline
area. The chromatin first appears as a continuous and extremely
irregular ribbon. Before division the ribbon loops itself into eight
https://scholarworks.uni.edu/pias/vol14/iss1/10
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definite loops, which encircle the nucleus in somewhlit regular
fashion. The ribbon finally breaks up into sixteen distinct chromosomes, the breaks taking place at the apices of the loops. For a
time the chromosomes frequently remain arranged equatorially
about the nucleus, as in figure 31, but the arrangement is usually
more irregular, as in figure 30. The beginning of the spindle is
usually coincident with the breaking up of the chromatin ribbon
and disappearance of the nucleolus, but such is not invariably the
case. Frequently the nucleolus persists after the separation of the
chromosomes, and in a -few cases the spindle was observed to have
become quite well defined before the disappearance of either the
nuclear membrane or the nucleolus. As a general rule, however,
it may be said that the breaking up of the chromatin ribbon is
quickly followed by the disappearance of the nucleolus and the beginning of the spindle and the latter is quickly followed by or coincident with the disappearance of the nuclear membrane.
The prevalent opinion of botanists that the centrosome does not
exist as an organ of the cell in vascular plants is so well accepted,
and apparently so well grounded in fact that he would be a bold
man who would dare dispute it. Certainly no such attempt will be
made by myself, who am in the possession of no mass of data adequate to the formation of an independent conclusion upon such a
subject. I have merely endeavored to reproduce as accurately as
possible the appearance of the preparations I have studied, making
no dogmatic assertion as to their meaning, but leaving others to
attach any interpretation that may appear to them to be reasonable.
The attraction spheres figured in numbers 35 to 40, are very doubtful. They appear very faintly in the original sections, and may
be a part of the cytoplasm, which is granular and contains many
bodies that might, in the proper position, be mistaken for centrospheres. Possibly the structures figured are merely such granular
cytoplasmic bodies. On the other hand, in figures 33 and 34 appear
distinct hyaline areas on the nucleus, each containing a small but
deeply stained and well defined body, which appears to correspond
closely to the centrosome, as it has been described. The nuclei in
question are in very early prophase of division, which lends color
to the supposition that the structures in question are in reality
attraction spheres. If they are not attraction spheres, the question
as to what they are is a rather difficult one to answer.
In the mother star stage, the chromosomes adhere to the spindle
by their middles, each one assuming the shape of a V. Splitting
begins at the apex of the V and continues outward to the ends. The
daughter star and daughter skein stages and formation of the cell
plate exhibit no unusual features.
Published by UNI ScholarWorks, 1907
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EXPLANATION OF PLA'.fES.
Figures 1 to 12 refer to Trillium sessile, 13 to 23 refer to Arisaerna triphyllum, and 24 to 46 refer to Z ea Mays.

.

.

Figures 1 and 2. Late prophase in pollen mother cells of Trilliµ,m.
Figures 3, 4 and 5. Mother star stage. In 3 seen from pole of spindle.
Figures 6 and 7. Metakinesis.
Figure 8. Daughter star.
Figure 9. Daughter skein, and incipient cell plate.
Figure 10. Completion of division.
Figures 11 and 12. Multinucleate cells from tapetum.
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Figure 13. Early prophase in vegetative cell of Arisaema showing chromatin network.
Figure 14. Continuous spireme.
Figures 15 and 15a. Separat ion of chromatin ribbon into 16 chromosomes.
The two figures show opposite surfaces of the same nucleus.
Figures 16 and 17. Disappearance of nuclear membrane. Chromosomes
grouped in nuclear plate, but not yet arranged on surface of spindle. Former
view polar, latter lateral.
. Figures 18 and 18a. Mother star. Latter apparently multi-polar, due probably to poor fixation.
Figure 19. Metakinesis.
Figure 20. Daughter star.
Figures 21 and 21a and 22. Formation of cell plate. Second view (21a)
from pole, with nuclei cut away.
Figure 23. Completion of cell wall.
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Figures 24 and 25. Resting nuclei in root tip of Z ea Mays.·
Figures 27, 28, 29 and 32. Continuous spireme.
Figures 26, 30 and 31. Formation of 16 -chromosomes.
Figures 33 and 34. Early prophase, showing hyaline areas containing
centrosomes.
Figures 35 and 36. ·Early formation of spindle before disappearance of
nuclear membrane. Rare and abnormal.
Figure 37. An abnormal spindle in which chromosomes fail to assume the
typical V-shaped form.
Figure 38. Typical mother star.
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Figures 39 and 40. Metakinesis.
Figure 41. Daughter star.
Figure 42. Daughter skein.
Figures 43 and 44. Incipient cell plate. ·
Figure 45. Completion of division.
Figure 46. Apparently multipolar spindle. due probably to poor fixation.
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